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(54) Turbine tip leakage reduction system

(57) Systems and devices configured to reduce
windage and mixing losses in a turbine by redirecting
and/or aligning a direction of a leakage flow with the flow-
path of the main flow of a turbine are disclosed. In one
embodiment, a device (120) includes: a base configured
to connect to a diaphragm of a turbine; and a radial portion
(164) connected to the base (160) and extending radially
inboard from the base toward a rotor of the turbine, the
radial portion oriented to adjust a direction of travel of a
leakage flow of working fluid radially inboard at an angle
complementary to a primary working fluid path of the tur-
bine.
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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
turbines and, more particularly, to systems and devices
for reducing intrusion losses in a working fluid flowpath
during turbine operation.
[0002] Some power plant systems, for example certain
nuclear, simple cycle and combined cycle power plant
systems, employ turbines in their design and operation.
Some of these turbines are driven by a flow of high tem-
perature steam which is directed over and/or through a
series of stages (e.g., alternating stationary and rotary
airfoils/buckets/blades) within the turbine. As the main
flow passes through the turbine, portions of the flow may
leak from the main flowpath. This leakage flow may travel
through the clearance formed between the tip of one of
the blades and the turbine casing rather than traveling
through the stage/airfoils. As this leakage flow travels
through the turbine, it may randomly contact turbine sur-
faces (e.g., blade roots, the turbine casing, etc.) and be
redirected out into the main flow at an angle substantially
different (e.g., perpendicular) to a direction of the flow-
path of the working fluid. As a result of variances in pres-
sure, momentum, and direction of travel between the
leakage flow and the working fluid flowpath, this reintro-
duction and random mixing of the leakage flow and work-
ing fluid flowpath may create intrusion losses, windage
losses, and system inefficiencies.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Devices for redirecting leakage flows in turbine
flowpaths to angles which are complementary to a path
of a main flow of working fluid in the turbine are disclosed.
In one embodiment, a device includes: a base configured
to connect to a diaphragm of a turbine; and a radial portion
connected to the base and extending radially inboard
from the base toward a rotor of the turbine, the radial
portion oriented to adjust a direction of travel of a leakage
flow of working fluid radially inboard at an angle comple-
mentary to a primary working fluid path of the turbine.
[0004] A first aspect of the disclosure provides a device
including: a base configured to connect to a diaphragm
of a turbine; and a radial portion connected to the base
and extending radially inboard from the base toward a
rotor of the turbine, the radial portion oriented to adjust
a direction of travel of a leakage flow of working fluid
radially inboard at an angle complementary to a primary
working fluid path of the turbine.
[0005] A second aspect provides a turbine diaphragm
system including: an outer ring; a set of nozzles disposed
circumferentially about an interior of the outer ring, the
set of nozzles extending radially inboard; a device con-
nected to an inner surface of the outer ring and extending
circumferentially about the outer ring covering a portion
of the set of nozzles, the device oriented to adjust a di-

rection of travel of a leakage flow of working fluid radially
inward at an angle complementary to a primary working
fluid path of a turbine; and an inner ring radially inboard
of the outer ring and connected to the set of nozzles.
[0006] A third aspect provides a turbine including: a
stator; a turbine diaphragm system disposed within the
stator, the turbine diaphragm system including: an outer
ring; a set of nozzles disposed circumferentially about an
interior of the outer ring, the set of nozzles extending
radially inboard; a device connected to an inner surface
of the outer ring and extending circumferentially about
the outer ring covering a portion of the set of nozzles, the
device oriented to adjust a direction of travel of a leakage
flow of working fluid radially inboard at an angle comple-
mentary to a working fluid passage of the turbine; and
an inner ring radially inboard of the outer ring and con-
nected to the set of nozzles; and a rotor configured radi-
ally inboard of the working fluid passage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features of this invention will
be more readily understood from the following detailed
description of the various aspects of the invention taken
in conjunction with the accompanying drawings that de-
pict various embodiments of the invention, in which:

FIG. 1 a three-dimensional partial cut-away perspec-
tive view of a portion of a turbine according to an
embodiment of the invention.

FIG. 2 shows a partial cut-away schematic view of
a portion of a turbine according to an embodiment
of the invention.

FIG. 3 shows a partial three-dimensional perspective
view of a turbine diaphragm system according to an
embodiment of the invention.

FIG. 4 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 5 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 6 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 7 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 8 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.
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FIG. 9 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 10 shows a three-dimensional perspective view
of a portion of a turbine according to an embodiment
of the invention.

FIG. 11 shows a schematic block diagram illustrating
portions of a combined cycle power plant system ac-
cording to embodiments of the invention.

FIG. 12 shows a schematic block diagram illustrating
portions of a single-shaft combined cycle power plant
system according to embodiments of the invention.

[0008] It is noted that the drawings of the disclosure
are not necessarily to scale. The drawings are intended
to depict only typical aspects of the disclosure, and there-
fore should not be considered as limiting the scope of
the disclosure. It is understood that elements similarly
numbered between the FIGURES may be substantially
similar as described with reference to one another. Fur-
ther, in embodiments shown and described with refer-
ence to FIGS. 1-12, like numbering may represent like
elements. Redundant explanation of these elements has
been omitted for clarity. Finally, it is understood that the
components of FIGS. 1-12 and their accompanying de-
scriptions may be applied to any embodiment described
herein.

DETAILED DESCRIPTION OF THE INVENTION

[0009] As indicated above, aspects of the invention
provide for systems and devices configured to reduce
windage and mixing losses in a turbine by redirecting
and/or aligning a direction of a leakage flow with the work-
ing fluid flowpath of the turbine. The device includes a
base which is connected to the diaphragm of the turbine
and is located proximate a nozzle tip of the turbine in a
path of the leakage flow. A radial portion of the device is
positioned in a path of the leakage flow and extends ra-
dially inboard from the base toward a rotor of the turbine.
During operation the device is configured to contact the
leakage flow and channel/guide the leakage flow from a
leakage region (e.g., between the diaphragm and airfoil
tips) in the turbine back into the main flowpath (e.g.,
through the stages and airfoils of the turbine) at an angle
which is substantially complementary to the working fluid
flowpath. The device adjusts/reduces a swirl of the leak-
age flow prior to introduction/mixing with the working fluid
flowpath.
[0010] Turning to the FIGURES, embodiments of sys-
tems and devices are shown, which are configured to
reduce windage and mixing losses in a turbine by redi-
recting and/or aligning a direction of a leakage flow with
the flowpath of the working fluid flowpath of the turbine.
Each of the components in the FIGURES may be con-

nected via conventional means, e.g., via a common con-
duit or other known means as is indicated in FIGS. 1-12.
Referring to the drawings, FIG. 1 shows a perspective
partial cut-away illustration of a gas or steam turbine 10.
Turbine 10 includes a rotor 12 that includes a rotating
shaft 14 and a plurality of axially spaced rotor wheels 18.
A plurality of rotating blades 20 are mechanically coupled
to each rotor wheel 18. More specifically, blades 20 are
arranged in rows that extend circumferentially around
each rotor wheel 18. A plurality of stationary vanes 22
extend circumferentially around shaft 14, and the vanes
are axially positioned between adjacent rows of blades
20. Stationary vanes 22 cooperate with blades 20 to form
a stage and to define a portion of a steam flow path
through turbine 10.
[0011] In operation, gas or steam 24 enters an inlet 26
of turbine 10 and is channeled through stationary vanes
22. Vanes 22 direct gas or steam 24 downstream against
blades 20. Gas or steam 24 passes through the remain-
ing stages imparting a force on blades 20 causing shaft
14 to rotate. At least one end of turbine 10 may extend
axially away from rotating shaft 12 and may be attached
to a load or machinery (not shown) such as, but not limited
to, a generator, and/or another turbine.
[0012] In one embodiment, turbine 10 may include five
stages. The five stages are referred to as L0, L1, L2, L3
and L4. Stage L4 is the first stage and is the smallest (in
a radial direction) of the five stages. Stage L3 is the sec-
ond stage and is the next stage in an axial direction. Stage
L2 is the third stage and is shown in the middle of the
five stages. Stage L1 is the fourth and next-to-last stage.
Stage L0 is the last stage and is the largest (in a radial
direction). It is to be understood that five stages are
shown as one example only, and each turbine may have
more or less than five stages. Also, as will be described
herein, the teachings of the invention do not require a
multiple stage turbine.
[0013] Turning to FIG. 2, a partial cross-sectional view
of a turbine 100 is shown according to embodiments of
the invention. Turbine 100 may include a rotor 94 (par-
tially shown in FIG. 2) and a diaphragm 90 (partially
shown in FIG. 2) substantially surrounding rotor 94. A
turbine bucket 70 may be secured within rotor 94 and
located between a set of nozzles 62 connected to dia-
phragm 90. As seen in FIG. 2, set of nozzles 62 may
include a plurality of nozzles 62 which define stages of
turbine 100. Nozzles 62 and turbine buckets 70 may ra-
dially extend respectively from diaphragm 90 and rotor
94, such that nozzles 62 and turbine buckets 70 are in-
terspersed along an axial length of turbine 100. A working
fluid, such as steam, may be directed to a downstream
location, along a working fluid passage 7 (e.g., the main
flowpath) through turbine buckets 70 and nozzles 62 to
assist the rotation of rotor 94.
[0014] As can be seen in FIG. 2, a leakage flow 84 of
working fluid may leak/escape from working fluid pas-
sage 7 and pass about turbine bucket 70 through a cavity
72 between a bucket tip 74 and a set of seal teeth 80
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which extend from diaphragm 90. Leakage flow 84 may
travel axially along turbine 100 substantially parallel to
working fluid passage 7 until contacting a surface of tur-
bine 100 (e.g., a nozzle 62, a nozzle tip 60, etc.) and
being forced back into working fluid passage 7. In an
embodiment, turbine 100 may include a device 120 con-
figured to redirect leakage flow 84 into working fluid pas-
sage 7 at an angle which is substantially complementary
and/or common with a direction of travel of working fluid
in working fluid passage 7. Device 120 may include a
base 160 connected to diaphragm 90 of turbine 100, and
a radial portion 164 connected to base 160 and extending
radially inboard from base 160 toward rotor 94. Radial
portion 164 may be oriented to adjust a flow characteristic
of leakage flow 84 (e.g., adjust a direction of travel of
leakage flow 84). In one embodiment, radial portion 164
may direct leakage flow 84 radially inboard at an angle
complementary (e.g., at an angle substantially consistent
with, in a consistent direction of travel therewith, etc.) to
a primary working fluid path of turbine 100. Device 120
may be disposed intermittently or continuously about
(e.g., circumferentially) diaphragm 90, turbine 100 and/or
working fluid passage 7. In one embodiment, device 120
may be oriented at a pitch relative working fluid passage
7 and/or leakage flow 84. In one embodiment, device 120
may be formed as a portion of diaphragm 90. In another
embodiment, device 120 may be connected (e.g., weld-
ed, brazed, bolted, etc.) to diaphragm 90. Device 120
may adjust a swirl of leakage flow 84 prior to reintroduc-
tion into working fluid passage 7. In one embodiment,
device 120 may adjust a swirl of leakage flow 84 by about
25 degrees relative a baseline swirl of leakage flow 84.
[0015] Turning to FIG. 3, a partial three-dimensional
perspective view of an embodiment of a turbine dia-
phragm system 528 is shown. In this embodiment, tur-
bine diaphragm system 528 includes an outer ring 532
which is configured to be disposed about a rotor within
a turbine shell (e.g., a stator). A set of nozzles 524 may
be connected to a radially inboard surface of outer ring
532. Set of nozzles 524 may be oriented circumferentially
about outer ring 532 and may extend radially inboard
from outer ring 532 and partially define working fluid pas-
sage 7. An inner ring 522 may be located radially inboard
of outer ring 532 and connected to set of nozzles 524. In
an embodiment, device 120 may be connected to an in-
ner surface of outer ring 532. Device 120 may extend
circumferentially about turbine diaphragm system 528
and axially cover/shield a portion of set of nozzles 524.
In one embodiment, turbine diaphragm system 528 may
be formed as a uniform component/body (e.g., one ele-
ment formed from a single piece of material). In another
embodiment, turbine diaphragm system 528 may be
formed as an assembly of a plurality of components (e.g.,
nozzles, rings, etc.) which may include any materials now
known or later developed.
[0016] Turning to FIG. 4, a partial three-dimensional
perspective view of a portion of an environment 200 in-
cluding an embodiment of device 120 is shown connect-

ed to nozzle tip 60. In this embodiment, device 120 is
positioned between nozzle tip 60 and bucket tip 74 such
that leakage flow 84 is aligned relative nozzle tip 60 dur-
ing reintroduction to working fluid passage 7. Leakage
flow 84 may travel through cavity 72 and contact/flow into
device 120 which shields nozzle tip 60 and directs leak-
age flow 84 partially radially inboard to working fluid pas-
sage 7. In one embodiment, device 120 is pitched to
maintain a portion of the axial direction/momentum of
leakage flow 84.
[0017] Turning to FIG. 5, a partial three-dimensional
perspective view of a portion of an environment 220 in-
cluding an embodiment of a radial portion 122 of device
120 is shown connected to nozzle 62 proximate bucket
tip 74. In this embodiment, radial portion 122 extends
radially inboard from a surface of diaphragm 90 toward
working fluid passage 7 and includes a central portion
180, a first flange 182 and a second flange 184. Central
portion 180 may extend between adjacent nozzles 62 of
turbine 100 and may have a substantially smooth sur-
face. Central portion 180 may provide a straight projec-
tion (e.g., not radially interrupted) into working fluid pas-
sage 7. First flange 182 and second flange 184 may con-
tact and/or connect to complementary portions of adja-
cent nozzles 62 and/or nozzle roots 60. In one embodi-
ment, first flange 182 and/or second flange 184 may sub-
stantially circumferentially locate device 120 within tur-
bine 100. In one embodiment, radial portion 122 may
extend between each nozzle 62 and/or nozzle tip 60 of
a given stage of turbine 100 forming a continuous surface
circumferentially there about.
[0018] Turning to FIG. 6, a partial three-dimensional
perspective view of a portion of an environment 230 in-
cluding an embodiment of a device 124 is shown. In this
embodiment, device 124 is disposed proximate nozzle
62 and includes a set of ridges 188 which run radially
across a surface of device 124 opposite bucket tip 74.
Set of ridges 188 may be disposed circumferentially be-
tween adjacent nozzles 62 and may include angular
shaped ridges, rounded ridges, or any other shape of
ridges known. During operation, ridges 188 may channel
leakage flow 84 and restrict circumferential flow of leak-
age flow 84. In one embodiment, ridges 188 may be ori-
ented at an angle relative nozzle 62 and/or bucket 70. It
is understood that set of ridges 188 may include any
number of ridges.
[0019] Turning to FIG. 7, a partial three-dimensional
perspective view of a portion of an environment 240 in-
cluding an embodiment of a device 124 connected to
nozzle tip 60 and extending radially inboard to contact
and/or shield a portion of nozzle 62 is shown. In this em-
bodiment, ridges 188 are oriented radially relative to noz-
zle 62 (e.g., straight, perpendicular with respect to rota-
tion, etc.) and extend across an entirety of device 124.
Device 124 includes a straight projection. In one embod-
iment, ridges 188 may have a straight shape/orientation
which may manipulate a flow characteristic of leakage
flow 84. In another embodiment, shown in FIG. 8, a partial

5 6 



EP 2 716 864 A1

5

5

10

15

20

25

30

35

40

45

50

55

three-dimensional perspective view of a portion of an en-
vironment 340 including an embodiment of a device 324
connected to nozzle tip 60 and including a set of ridges
388 with an inclined/angled orientation/shape which ori-
ents ridges 388 tangential relative to the blade and/or
blade direction which may manipulate a flow character-
istic of leakage flow 84. It is understood that ridges 388
may be oriented at any angle relative rotation of the tur-
bine. In yet another embodiment, shown in FIG. 9, a par-
tial three-dimensional perspective view of a portion of an
environment 400 including an embodiment of a device
424 connected to nozzle tip 60 and including a set of
ridges 489 which have a curved shape/orientation ex-
tending from a surface of device 424 which may manip-
ulate a flow characteristic of leakage flow 84.
[0020] Turning to FIG. 10, a partial three-dimensional
perspective view of a portion of an environment 250 in-
cluding an embodiment of a device 128 is shown con-
nected to diaphragm 90, nozzle tip 60, and/or nozzle 62.
In this embodiment, device 128 includes a first set of
ridges 280 and a second set of ridges 282. First set of
ridges 280 and second set of ridges 282 are disposed
on an axial surface of device 128 and are oriented sub-
stantially radially. First set of ridges 280 may be posi-
tioned radially inboard of second set of ridges 282 and
may be separated (e.g., made physically distinct) from
second set of ridges 282 by a notch 284 which runs cir-
cumferentially across device 128 between first set of ridg-
es 280 and second set of ridges 282 creating a split pro-
jection. The split projection may manipulate a swirl angle
of leakage flow 84. As leakage flow 84 contacts device
128, portions of leakage flow 84 may be directed circum-
ferentially through notch 284, thereby manipulating a flow
characteristic of leakage flow 84. In one embodiment,
first set of ridges 280 and second set of ridges 282 may
be positioned circumferentially distinct relative to one an-
other (e.g., not directly over one another) so as to further
adjust a flow characteristic of leakage flow 84.
[0021] Turning to FIG. 11, a schematic view of portions
of a multi-shaft combined cycle power plant 500 is shown.
Combined cycle power plant 500 may include, for exam-
ple, a gas turbine 580 operably connected to a generator
570. Generator 570 and gas turbine 580 may be mechan-
ically coupled by a shaft 515, which may transfer energy
between a drive shaft (not shown) of gas turbine 580 and
generator 570. Also shown in FIG. 11 is a heat exchanger
586 operably connected to gas turbine 580 and a steam
turbine 592. Heat exchanger 586 may be fluidly connect-
ed to both gas turbine 580 and a steam turbine 592 via
conventional conduits (numbering omitted). Gas turbine
580 and/or steam turbine 592 may be connected to de-
vice 120 of FIG. 2 or other embodiments described here-
in. Heat exchanger 586 may be a conventional heat re-
covery steam generator (HRSG), such as those used in
conventional combined cycle power systems. As is
known in the art of power generation, HRSG 586 may
use hot exhaust from gas turbine 580, combined with a
water supply, to create steam which is fed to steam tur-

bine 592. Steam turbine 592 may optionally be coupled
to a second generator system 570 (via a second shaft
515). It is understood that generators 570 and shafts 515
may be of any size or type known in the art and may differ
depending upon their application or the system to which
they are connected. Common numbering of the genera-
tors and shafts is for clarity and does not necessarily
suggest these generators or shafts are identical. In an-
other embodiment, shown in FIG. 12, a single shaft com-
bined cycle power plant 990 may include a single gen-
erator 570 coupled to both gas turbine 580 and steam
turbine 592 via a single shaft 515. Steam turbine 592
and/or gas turbine 580 may be connected to device 120
of FIG. 2 or other embodiments described herein.
[0022] The systems and devices of the present disclo-
sure are not limited to any one particular turbine, power
generation system or other system, and may be used
with other power generation systems and/or systems
(e.g., combined cycle, simple cycle, nuclear reactor,
etc.). Additionally, the systems and devices of the present
invention may be used with other systems not described
herein that may benefit from the intrusion loss reduction
and leakage guidance of the systems and devices de-
scribed herein.
[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.
[0024] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0025] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A device comprising:

a base configured to connect to a diaphragm of
a turbine; and
a radial portion connected to the base and ex-
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tending radially inboard from the base toward a
rotor of the turbine, the radial portion oriented to
adjust a direction of travel of a leakage flow of
working fluid radially inboard at an angle com-
plementary to a primary working fluid path of the
turbine.

2. The device of clause 1, wherein the radial portion
includes a first set of ridges disposed on an upstream
surface, the first set of ridges oriented substantially
radially and extending axially upstream relative the
upstream surface.

3. The device of clause 1 or 2, wherein the radial
portion further includes a second set of ridges ori-
ented substantially radially and extending axially up-
stream relative the upstream surface, the second set
of ridges disposed on the upstream surface radially
outboard and physically distinct from the first set of
ridges.

4. The device of any preceding clause, wherein the
first set of ridges are oriented at least one of: straight,
inclined, or curved.

5. The device of any preceding clause, wherein the
base is located axially upstream relative a region of
the radial portion.

6. The device of any preceding clause, wherein the
radial portion includes:

a first flange;
a central portion connected to the first flange,
the central portion extending circumferentially;
and
a second flange connected to the central portion,
the second flange located substantially opposite
the first flange.

7. A turbine diaphragm system comprising:

an outer ring;
a set of nozzles disposed circumferentially
about an interior of the outer ring, the set of noz-
zles extending radially inboard;
a device connected to an inner surface of the
outer ring and extending circumferentially about
the outer ring covering a portion of the set of
nozzles, the device oriented to adjust a direction
of travel of a leakage flow of working fluid radially
inward at an angle complementary to a primary
working fluid path of a turbine; and
an inner ring radially inboard of the outer ring
and connected to the set of nozzles.

8. The turbine diaphragm system of any preceding
clause, wherein the device is circumferentially con-

tinuous about the outer ring.

9. The turbine diaphragm system of any preceding
clause, wherein the device is disposed intermittently
about a circumference of the outer ring.

10. The turbine diaphragm system of any preceding
clause, wherein the turbine diaphragm system is
formed as a uniform body.

11. The turbine diaphragm system of any preceding
clause, wherein the radial portion includes a first set
of ridges disposed on an upstream surface, the first
set of ridges oriented substantially radially and ex-
tending axially upstream relative the upstream sur-
face.

12. The turbine diaphragm system of any preceding
clause, wherein the radial portion further includes a
second set of ridges oriented substantially radially
and extending axially upstream relative the up-
stream surface, the second set of ridges disposed
on the upstream surface radially outboard and phys-
ically distinct from the first set of ridges.

13. The turbine diaphragm system of any preceding
clause, wherein the first set of ridges are oriented at
least one of: straight, inclined, or curved.

14. The turbine diaphragm system of any preceding
clause, wherein the base is located axially upstream
relative a region of the radial portion.

15. The turbine diaphragm system of any preceding
clause, wherein the radial portion includes:

a first flange;
a central portion connected to the first flange,
the central portion extending circumferentially;
and
a second flange connected to the central portion,
the second flange located substantially opposite
the first flange.

16. A turbine, comprising:

a stator;
a turbine diaphragm system disposed within the
stator, the turbine diaphragm system including:

an outer ring;
a set of nozzles disposed circumferentially
about an interior of the outer ring, the set of
nozzles extending radially inboard;
a device connected to an inner surface of
the outer ring and extending circumferen-
tially about the outer ring covering a portion
of the set of nozzles, the device oriented to
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adjust a direction of travel of a leakage flow
of working fluid radially inboard at an angle
complementary to a working fluid passage
of the turbine; and
an inner ring radially inboard of the outer
ring and connected to the set of nozzles;
and

a rotor configured radially inboard of the working
fluid passage.

17. The turbine of claim 16, wherein the radial portion
includes a first set of ridges disposed on an upstream
surface, the first set of ridges oriented substantially
radially and extending axially upstream relative the
upstream surface.

18. The turbine of any preceding clause, wherein the
radial portion further includes a second set of ridges
oriented substantially radially and extending axially
upstream relative the upstream surface, the second
set of ridges disposed on the upstream surface ra-
dially outboard and physically distinct from the first
set of ridges.

19. The turbine of any preceding clause, wherein the
first set of ridges are oriented at least one of: straight,
inclined, or curved.

20. The turbine of any preceding clause, wherein the
radial portion includes:

a first flange;
a central portion connected to the first flange,
the central portion extending circumferentially;
and
a second flange connected to the central portion,
the second flange located substantially opposite
the first flange.

Claims

1. A device (120) comprising:

a base (160) configured to connect to a dia-
phragm (90) of a turbine; and
a radial portion (164) connected to the base and
extending radially inboard from the base toward
a rotor (94) of the turbine, the radial portion ori-
ented to adjust a direction of travel of a leakage
flow of working fluid radially inboard at an angle
complementary to a primary working fluid path
of the turbine.

2. The device of claim 1, wherein the radial portion in-
cludes a first set of ridges disposed on an upstream
surface, the first set of ridges oriented substantially

radially and extending axially upstream relative the
upstream surface.

3. The device of claim 2, wherein the radial portion fur-
ther includes a second set of ridges oriented sub-
stantially radially and extending axially upstream rel-
ative the upstream surface, the second set of ridges
disposed on the upstream surface radially outboard
and physically distinct from the first set of ridges.

4. The device of claim 2, wherein the first set of ridges
are oriented at least one of: straight, inclined, or
curved.

5. The device of claim 1, wherein the base is located
axially upstream relative a region of the radial por-
tion.

6. A turbine diaphragm system comprising:

an outer ring (532);
a set of nozzles (524) disposed circumferentially
about an interior of the outer ring, the set of noz-
zles extending radially inboard;
a device (120) connected to an inner surface of
the outer ring and extending circumferentially
about the outer ring covering a portion of the set
of nozzles, the device oriented to adjust a direc-
tion of travel of a leakage flow of working fluid
radially inward at an angle complementary to a
primary working fluid path of a turbine; and
an inner ring (522) radially inboard of the outer
ring and connected to the set of nozzles.

7. The turbine diaphragm system of claim 6, wherein
the device (120) is circumferentially continuous
about the outer ring.

8. The turbine diaphragm system of claim 6, wherein
the device (120) is disposed intermittently about a
circumference of the outer ring.

9. The turbine diaphragm system of any of claims 6 to
8, wherein the turbine diaphragm system is formed
as a uniform body.

10. The turbine diaphragm system of any of claims 6 to
9, wherein the radial portion (122) includes a first set
of ridges (280) disposed on an upstream surface,
the first set of ridges oriented substantially radially
and extending axially upstream relative the up-
stream surface.

11. The turbine diaphragm system of claim 10, wherein
the radial portion further includes a second set of
ridges (282) oriented substantially radially and ex-
tending axially upstream relative the upstream sur-
face, the second set of ridges disposed on the up-
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stream surface radially outboard and physically dis-
tinct from the first set of ridges.

12. A turbine, comprising:

a stator;
a turbine diaphragm system disposed within the
stator, the turbine diaphragm system including:

an outer ring (532);
a set of nozzles (524) disposed circumfer-
entially about an interior of the outer ring,
the set of nozzles extending radially in-
board;
a device (120) connected to an inner sur-
face of the outer ring and extending circum-
ferentially about the outer ring covering a
portion of the set of nozzles, the device ori-
ented to adjust a direction of travel of a leak-
age flow of working fluid radially inboard at
an angle complementary to a working fluid
passage of the turbine; and
an inner ring (522) radially inboard of the
outer ring and connected to the set of noz-
zles; and

a rotor configured radially inboard of the working
fluid passage.

13. The turbine of claim 12, wherein the radial portion
includes a first set of ridges (280) disposed on an
upstream surface, the first set of ridges oriented sub-
stantially radially and extending axially upstream rel-
ative the upstream surface.

14. The turbine of claim 13, wherein the radial portion
further includes a second set of ridges (282) oriented
substantially radially and extending axially upstream
relative the upstream surface, the second set of ridg-
es disposed on the upstream surface radially out-
board and physically distinct from the first set of ridg-
es.

15. The turbine of claim 13, wherein the first set of ridges
(280) are oriented at least one of: straight, inclined,
or curved.
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